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Non-technical summary
The increased awareness of the damage caused by tobacco smoking has led numerous countries to prohibit tobacco advertising and introduce partial or total bans on smoking in workplaces and -most recently -in all public areas. The main rationale behind these policies is that smoking bans reduce non-smokers' exposure to second hand smoking and at the same time create a supportive environment for those who want to quit or decrease their tobacco consumption.
Italy was one of the first European countries to enact a comprehensive and strict regulation of smoke-free areas. As from 10 January 2005 the Italian government banned smoking in all indoor public places, including cafés, restaurants, airports, railway stations, as well as all public and private workplaces. Support for the ban was widespread and enforcement was considered successful. Existing empirical studies show that the Italian smoking ban led to a significant reduction of smoking prevalence and total consumption of cigarettes in the general population. This is in contrast with what has been found for the UK, Germany and other European countries, where smoking bans did not appear to affect smoking behaviour in the general population but only in specific subgroups.
In this paper we show that the existing evaluation results for Italy are not robust to alternative identification strategies. Since smoking behaviour follows a seasonal pattern, studies that simply compare smoking rates and cigarettes consumption before and after the implementation of the ban tend to overestimate the impact of the reform. In order to account for seasonal variation in smoking behaviour we apply a difference-in-difference approach using quarterly data from the 1999/2000 and 2004/2005 Italian Health Surveys. We find that the response to the ban was highly heterogeneous across the population, and that even in the short-term the effects on smoking prevalence and consumption were restricted to small groups of the population, mainly young and not married individuals.
Our study sheds light on a previously overlooked phenomenon: the existence of a seasonal pattern in smoking consumption. We examine this pattern using both aggregate data on cigarette sales and monthly data on individual smoking prevalence and consumption. We discuss possible reasons for the presence of seasonal effects in smoking, including tax increases, weather conditions and timing of quitting efforts (e.g., New Year's resolutions). We show that accounting for seasonality in smoking behaviour dramatically affects previous evaluations of the smoking ban effects in Italy. This analysis has important implications for the evaluation of smoking regulations introduced in many European countries in recent years. Most importantly, our results suggest that in the presence of seasonal variation in the outcome variable a before/after approach might lead to biased estimates of the effects of interest and that using a short window of time around the cut-off date is no panacea.
Introduction
The increased awareness of the damage caused by tobacco smoking has led numerous countries to prohibit tobacco advertising and introduce partial or total bans on smoking in workplaces andmost recently -in all public areas. The main rationale behind these policies is that smoking bans reduce non-smokers' exposure to second hand smoking and at the same time create a supportive environment for those who want to quit or decrease their tobacco consumption. 1 Several studies investigate the effect of smoking bans on smoking or its health consequences.
Recent epidemiological evidence shows that public smoking bans in some US states and European countries have significantly reduced acute myocardial infarctions and asthma exacerbations (Barone-Adesi et al., 2006; Juster et al., 2007; Pell et al., 2008) , with some positive effects on birth outcomes (Mackay et al., 2012) . What appears to be less clear-cut, however, is whether public smoking bans have had a significant impact on individual smoking behaviour. 2 In Spain, Guerrero et al. (2011) find a lower than expected smoking prevalence one year after the implementation of a partial smoking ban. Evidence for Scotland shows a significant reduction in smoking prevalence 3-6 months before a law banning smoking in public places came into force (Mackay et al., 2011) . By contrast, studies conducted in England (Elton and Campbell, 2008; Lee et al., 2001) , the Netherlands (Verdonk-Kleinjan et al., 2011) , Germany (Anger et al., 2011) and Ireland (Mullally et al., 2009) find no significant impact of smoking bans on smoking prevalence in the general population.
In this paper we investigate the impact of the smoking ban in public places introduced in 2005 in Italy on individual smoking prevalence and cigarette consumption. Italy was one of the first European countries to enact a comprehensive and strict regulation of smoke-free areas. 3 As from 1 Tobacco smoking is a well-known cause of several diseases, including lung cancer and cardiovascular and respiratory diseases (Doll et al., 1994) . Cigarette smoking is also considered the single most important modifiable factor affecting birth weight and the risk of preterm birth (Shiono and Behrman, 1995) . Growing evidence indicates that both active and passive smoking affect cardiac problems (Barnova et al., 2005; Law et al., 1997; Raupach et al., 2006) and increase the severity of asthma as well as the probability of developing this condition in adulthood (Stapleton et al., 2011) .
2 Early studies in economics investigated the effect on smoking prevalence of workplace bans and found that these significantly reduced smoking prevalence and consumption among employed smokers (Evans et al., 1999; Fichtenberg and Glantz, 2000) . However, bans on smoking in public places are intrinsically different from workplace bans in several respects. For example, a smoker will generally have more discretion over time spent in hospitality premises than over time spent in the workplace.
3 After Norway and Malta in 2004.
1 10 January 2005 the Italian government banned smoking in all indoor public places, including cafés, restaurants, airports, railway stations, as well as all public and private workplaces. Public support for the ban was widespread and enforcement was considered successful Gorini 2011) . The existing empirical evidence strongly supports a negative short-run effect of the public smoking ban on both smoking prevalence and total consumption of cigarettes (Buonanno and Ranzani, 2013; Cesaroni et al., 2008; Federico et al., 2012; Gallus et al., 2007) .
However this evidence is mainly based on small and non-representative samples of the population or on before-after comparisons without a valid control group.
We show that the existing evaluation results for Italy are not robust to alternative identification strategies. In particular we document the existence of significant seasonal patterns in smoking intensity and smoking rates using official data on tobacco sales (ISTAT, 2004 (ISTAT, -2010 as well as microdata from the Italian Health Surveys over various years. We show that ignoring seasonal effects leads to overestimate the impact of the reform. In order to account for seasonal variation in smoking behaviour we apply a difference-in-difference approach using quarterly data from the 1999/2000 and 2004/2005 Italian Health Surveys.
Our study sheds light on a previously overlooked phenomenon: the existence of a seasonal pattern in smoking consumption. We examine this pattern using both aggregate data on cigarette sales and monthly data on individual smoking prevalence and consumption. We discuss possible reasons for the presence of seasonal effects in smoking, including tax increases, weather conditions and timing of quitting efforts (e.g., New Year's resolutions). We show that accounting for seasonality in smoking behaviour dramatically affects previous evaluations of the smoking ban effects in Italy. As shown in other contexts (Anger et al., 2011) , we find that the response to the ban was highly heterogeneous across the population, and that even in the short-term the effects on smoking prevalence and consumption were restricted to specific subgroups. This analysis has important implications for the evaluation of smoking regulations introduced in many European countries in recent years. Most importantly, our results suggest that in the presence of seasonal variation in the outcome variable a before/after approach might lead to biased estimates of the effects of interest and that using a short window of time around the cut-off date is no panacea.
The 2005 ban on smoking in public places in Italy
On 10 January 2005 a total ban on smoking in public places came into effect in Italy. 4 The ban prohibited smoking from enclosed workplaces and hospitality premises, including bars, cafés, restaurants and clubs. Special smoking rooms were allowed, but under strict conditions. 5 Fines for transgressors were set within the range of 27.5 to 275 euros and were 10 times higher for restaurant and café owners, who were considered responsible for enforcing the law.
The ban received wide support both before and after its implementation (Gallus et al., 2004; La Vecchia et al., 2001) . According to a survey conducted in 2008, Italians were the Europeans most in favor of a national smoking ban (88%) (Gorini, 2011) . Enforcement controls showed that compliance was good, with fewer than 100 (1.5%) violations in about 6,000 checks by the police ). Various national surveys indicated that 80-90% of those interviewed thought the ban was observed in most hospitality premises (e.g., Tramacere et al., 2009) .
Several pieces of evidence suggest that the Italian ban was successful at reducing passive as (2006) report a significant decline in both smoking prevalence (2.3%) and cigarette consumption (5.5%), which was particularly pronounced among women and young people.
Although some of this evidence is based on small samples (e.g., the survey used in has about 3,100 individuals), two recent studies by Federico et al. (2012) and Buonanno and Ranzani (2013) also report statistically significant effects on individual smoking behaviour based on data from large and representative national surveys. Federico et al. (2012) Buonanno and Ranzani (2013) is also vulnerable to seasonal effects since their results rely on a comparison between smoking prevalence and cigarette consumption measured in December 2004
(before the ban) versus March-September 2005 (after the ban). If smoking behaviour is subject to seasonal variation -due for example to tax increases, weather conditions and timing of quitting efforts (eg, New Year's resolutions) -and smoking incidence or cigarettes consumption is highest (lowest) during the last (first) months of the year, then the effect of the ban estimated by these studies is going to be larger than the true effect. In the next section, we will propose an empirical strategy which takes into account seasonal effects in smoking behaviour and show that this leads to a very different evaluation of the effectiveness of the Italian smoking ban.
Empirical model
In order to estimate the effects of the smoking ban, Buonanno and Ranzani (2013) 
where Y it represents the smoking status or the number of cigarettes smoked by individual i at time t, and the variable D captures the effect of the ban, assuming value 0 for all individuals interviewed before January 2005 (control group) and value 1 for those interviewed afterwards (treatment group).
The covariate matrix X includes: age, gender, household size, presence of children below 8 years of age, marital status, educational attainment, region of residence, professional condition, an indicator for adequate/good economic resources, and an indicator of self-reported health.
The key identifying assumption of the model is that in the absence of treatment the difference in smoking behavior between individuals in the control and in the treatment groups is not statistically significant from zero. However, there are at least two plausible reasons why this assumption might not hold. The first is that we might be in the presence of long-term trends in smoking behaviour which, especially if negative, might lead to over-estimate the impact of the ban. The second problem is that smoking, like many other activities, might exhibit seasonal variation which if not taken into account might confound the effect of the ban.
Buonanno and Ranzani (2013) A more robust strategy is to employ a difference-in-difference (DiD) approach and estimate the following equation: In what follows we will replicate the analysis in Buonanno and Ranzani (2013) and estimate the effects of the smoking ban on smoking prevalence and cigarettes consumption for both the short and the medium term using the specification in (1). Short-term estimates will include only observations from December and March, while medium-term estimates will additionally consider individuals interviewed in the months of June and September. We will then present new estimates of the effects of the ban using the model in (2) Table 2 shows the variation in smoking behaviour by gender and individual socio-economic characteristics. There is a large gender gap in smoking. Men are almost 50% more likely to smoke than women and those who smoke consume on average double the amount of cigarettes per day. Individuals who are not married also have a higher smoking rate than those who are married.
Regional differences are relatively small for men and quite large for women -mainly because women in the South smoke considerably less than women in the rest of the country, while differences by level of education are found only among men -with higher levels of smoking among those with a low educational qualification. Age differences are quite marked, with individuals aged 40 and over exhibiting higher rates of smoking prevalence and cigarettes consumption. We also see that working individuals smoke considerably more than those without a job. We finally consider two smaller groups: the young (age 15-39) and not married, and the young and not employed. The former appear to have a smoking pattern similar to those of young people as a whole; while the latter show mean behaviour close to that of the non-employed group. indicates that there is substantial heterogeneity in seasonal smoking patterns. It will therefore be particularly important to examine heterogeneity in the effects of the ban as well.
The seasonal patterns in smoking shown in Figures 1 and 2 is also reflected in aggregate data on cigarettes sales shown in Figure 3 and may have several explanations. One possibility is that there might be a correlation between average temperatures and smoking, as people tend to visit hospitality venues more frequently in the spring and the summer than in the winter. 8 A second possibility is that the price of cigarettes is subject to seasonal variation due to regular changes in excise duty (see Figure 4 ). Finally, the decline in smoking between December and March could be the result of New Year's resolutions, whereby some people might decide to quit smoking and/or adopt healthier behaviours after the end of the year. These are alternative hypotheses that we will take into account in Section 5.3.
Results

Replication of previous findings
The purpose of our analysis is to show that when seasonal differences in smoking behaviour are not adequately controlled for a before/after evaluation of the impact of regulation affecting smoking behaviour, such as the smoking ban in public areas introduced in Italy in January 2005, will lead to incorrect estimates of the size of the effects. In order to demonstrate this is the case, we first discuss the results obtained in the previous literature when no account is taken of seasonal effects.
The original results of Buonanno and Ranzani (2013) are reported in columns (1) equally statistically significant. Using the same sample restrictions and the same specification, we can replicate these results almost identically, as shown in columns (4)-(6).
Analysis by subgroups in Buonanno and Ranzani (2013) shows that the effect of the ban was relatively stronger among women than men (6% for women and 4.2% for men, as obtained by dividing the coefficients in Table 3 by the mean prevalence by sex shown in Table 2 ) and mainly concentrated among married individuals and those living in the South. We find very similar results in our estimates. The main exception is that we we find stronger effects for unmarried individuals, particularly in relation to smoking prevalence. 9
The specification used in Buonanno and Ranzani (2013) includes among the covariates: age, age squared, household size, an indicator variables for being female, the presence of children of age below 8 in the household, indicator variables for being married, having a high school diploma, being employed, being inactive, having household economic conditions which are adequate or excellent, having a discrete, good or very good self-reported health status and a full set of regional dummies.
In columns (7)- (9) we report results based on a slightly different specification. Here we omit selfreported health -as it is likely to be endogenous and simultaneously determined with smoking behaviour -and use a full set of dummy variables for educational attainment (elementary school or less, junior high school diploma, high school diploma and missing information on educational attainment). Furthermore, in columns (8) and (9) we exclude from our sample individuals who smoke, but who do not provide valid information on the number of cigarettes smoked. As we can see, these changes make almost no difference to the results.
In Table 3 we also estimate the effect of the smoking ban on additional subgroups of individuals.
Low educated, young, young and not married, and employed individuals are the most affected by the ban both in terms of prevalence and intensity. These results are not surprising since young and not married individuals tend to visit hospitality venues more often, while those employed should be affected due to the workplace element of the new regulations. Differences by level of education are more difficult to explain, but could be consistent with the fact that a larger proportion of low educated individuals work in the hospitality sector (in our data 20.6% of all low educated individuals are employed in this sector against 16.3% of high educated individuals). 10 Overall, these estimates show that there is significant heterogeneity in the effect of the smoking ban across different subgroups of the population.
Estimates based on a DiD approach
We now estimate the model using the specification in equation (2), which nets out seasonal effects using the variation in smoking behaviour observed over a period not affected by the ban, i.e. the months of March 2000 and December 1999. In other words, we use data from the 1999-2000 IHS to construct a 'control group'. 11 We do so for the overall sample, and separately for the subsamples of men and women. Each of these samples is then divided into smaller groups, according to the individual characteristics used in Buonanno and Ranzani (2013) -namely marital status and geographic area -but also other relevant attributes, such as education, age, working status and a combination of some of them as reported in Table 3 . As before, we consider both short-term effects ( Table 4 ) and medium-term effects ( Table 5 ).
Comparing the results in Table 3 and Table 4 it is immediately obvious that by applying a DiD strategy most of the impact of the ban found in the previous analysis is washed out. Table 4 shows that the short-run effects of the ban are much smaller in magnitude and no longer statistically significant for the overall population and for men in particular. For women there is some evidence that the negative effects of the ban on smoking are still present, although these are not always as precisely estimated as before. Similar results hold for the medium-term effects (Table 5) , where we see no change in smoking incidence in the population as a whole and in male smoking behaviour, and only some effects on the smoking intensity for women.
Looking at the analysis by subgroups is very informative. There is a clear indication -much clearer than in the before/after analysis -that the effects are restricted to very specific subgroups of the population. In particular, Table 4 shows that in the short-term most of the effects are concentrated among individuals who are young and not married, or young and not working. Estimates of medium-term effects (Table 5) indicate that the ban reduced smoking also among the not married, the low-educated, and not employed individuals more generally, and that we can attribute most of these effects to the behaviour of women. The most pronounced medium-term effects, for example, are to be found for young and not married women (see Table 5 ), where the incidence of smoking is reduced by 2.9 percentage points (-14.5%) and the intensity falls by almost 0.6 cigarettes a day (-28.9%). Moreover, also the group of young and not employed women is greatly affected by the ban. This is consistent with the fact that these are the groups most likely to visit hospitality venues 12 and that women are more likely to show compliance to rules than men. 13 diet", and "joining a gym" or starting some (heavier) form of physical exercise. We use information on diet and physical exercise available in the IHS. We construct a variable indicating whether an individual is on a diet (excluding a diet prescribed by a physician) and a variable which indicates whether the individual carries out regular physical exercise. We then estimate the effect of the ban on these two outcomes. The coefficient δ in equation (2) can be interpreted here as the New
Seasonality in smoking behaviour
Year effect rather than post-ban effect. Estimates of the model in equation (1) show no significant changes in the prevalence of diet or physical exercises with the New Year. Only for women we find some evidence that they tend to practice more sport in March than in December. Using a DiD approach, like in equation (2), even this effect disappears.
Second, we check for the presence of climatic effects on smoking behaviour. Here we use data on average temperatures and rainfall by month and region. 15 We find that these variables explain a substantial amount of seasonal variation in smoking behaviour. Substituting average temperature and rainfall for the ban variable in equation (1), we calculate that climate alone explains 50-80% of the reduction in overall smoking prevalence and intensity that Buonanno and Ranzani (2013) 12 In the IHS of 1999/2000 we find that among young people below the age of 40, not married or employed individuals are more likely to visit discos. 13 For example, some studies have found that women show more tax compliance than men (see Kastlunger et al., 2010) and among pedestrians, males violate more rules than females (Tom and Granié, 2011) .
14 Results are not shown for reason of space, but are available from the authors on request. 15 We use data of weather stations from capital cities of Italian provinces, i.e. administrative subdivisions of Italian regions, and calculate the regional means. The data are downloaded from http://www.ilmeteo.it/portale/archiviometeo.
attributed to the smoking ban. 16 The remaining 20-50% not explained by climate is consistent with the magnitude of our DiD estimates. As a further check, we add the two climatic variables to our DiD specifications (equation (2)). Our main findings do not change significantly. 17 This check provides clear evidence that the climatic variables explain most of the observed seasonality in smoking behaviour, and that the DiD approach is able to capture it.
Finally, we consider whether changes in cigarettes prices might explain seasonal patterns in consumption. Cigarettes prices in Italy are regulated at the national level. Figure 4 reports the time series of cigarettes price over the period [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . We see sharp increases in real cigarettes prices, due to changes in excise duty, usually followed by gradual declines, due to inflationary pressure. As excise duty is usually set after the budget is announced, and this usually happens at the same time within each calendar year, changes in cigarettes prices could contribute to explain seasonal variation in smoking prevalence and consumption (Momperousse et al., 2007) . However, because of Italy's rather irregular political cycle and multiple budget announcements within a year, we think that this is unlikely. Indeed, we see sharp changes in cigarettes prices at very irregular This tells us two things. First, that the the difference between the DiD estimates and the before/after estimates cannot be attributed to the effect of variation in prices, but must be attributed to other factors such as variation in climatic conditions. Second, that the DiD estimates might still confound policy and price effects. However, since the DiD estimates are significantly different from zero only in some subgroups of the population, and particularly among individuals most likely to visit hospitality venues, we take this as evidence that our DiD estimates identify the true effect of the policy. 18
Conclusions
Can smoke-free policies affecting public and work-places modify individual smoking behaviour?
According to our reading of the existing evidence to date and the results of this study, the answer to this question is that these policies are at best able to affect the smoking prevalence and intensity of a relatively small group of the population in the short-term. Using a large sample of individuals, we show that the 2005 public smoking ban in Italy had negligible effects on the population as a whole while it reduced smoking prevalence by 8.4% and number of cigarettes smoked by 12.6% among young and not married individuals. We also show that the response was due mainly to changes in women's behaviour.
These results are in sharp contrast with several previous evaluations of the 2005 smoking ban in Italy (Buonanno and Ranzani, 2013; Cesaroni et al., 2008; Federico et al., 2012; Gallus et al., 2007) . We demonstrate that the results of these previous studies confound the effects of the policy with seasonal variation in smoking behaviour, as their empirical approach is based on before/after (January 2005) variation in smoking. Using data from the 1999/2000 wave of the Italian Survey of Health to 'control' for the variation observed in 2004/2005, and implementing a difference-in-difference approach, we are able to net out seasonal variation in smoking behaviour and obtain estimates of the true impact of the reform.
Our study reveals the existence of a marked seasonal pattern in smoking behaviour. This pattern emerges from the analysis of individual data on smoking prevalence and consumption, as well as aggregate data on cigarette sales. We offer a comprehensive explanation of this phenomenon, investigating whether it might be due to tax increases, weather conditions or timing of quitting efforts (e.g., New Year's resolutions). We show that the most likely cause of seasonal changes in smoking is due to climatic variables, such as rainfall.
This analysis implies that previous evaluations of the effects of smoking regulations on either individual smoking behaviour or the health consequences of smoking behaviour (e.g., asthma exacerbations, birthweight, etc.), which are based on a before/after comparison, might lead to biased estimates of the effect of interest. More generally, in the absence of an adequately constructed control group, any policy evaluation exercise on outcomes that might exhibit seasonal variation (such as smoking, fertility, or the incidence of respiratory diseases) might lead to incorrect inference. Table 2 , 4 and 5 in Buonanno and Ranzani (2013) . Columns (4)-(6) report the corresponding estimates based on our sample. The covariates include: age, age squared, household size, an indicator variables for being female, the presence of children of age below 8 in the household, indicator variables for being married, having a high school diploma, being employed, being inactive, having household economic conditions which are adequate or excellent, having a discrete, good or very good selfreported health status and a full set of regional dummies. Columns (7)-(9) report results based on our preferred specification, where we omit self-reported health and use a full set of dummy variables for educational attainment (elementary school or less, junior high school diploma, high school diploma and missing information on educational attainment). Additionally, in columns (8) and (9) we exclude from our sample individuals who smoke, but who do not provide valid information on the number of cigarettes smoked (these individuals are included in columns (2), (3), (5) and (6) with a value of 0 for number of cigarettes smoked). (2), which captures the effect of the ban net of seasonal effects. Estimates refer to short-term effects, obtained by comparing individuals interviewed in March versus those interviewed in December. All estimates are performed using OLS and standard errors (in parentheses) are clustered at household level, with * p < .05, * * p < .01. For main covariates see notes to Table 3 . (2), which captures the effect of the ban net of seasonal effects. Estimates refer to medium-term effects, obtained by comparing individuals interviewed in March, June and September versus those interviewed in December. All estimates are performed using OLS and standard errors (in parentheses) are clustered at household level, with * p < .05, * * p < .01. For main covariates see notes to Table 3 .
